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(54) Methods and apparatus for operating a cfischarge lamp 



(57) Methods of operating a discharge lamp by 
amplitude-modulating and pulsing the lamp input power 
waveform. The techniques control both the arc stabiliza- 
tion and color characteristics of the lamp, respectively. 
The alternating current (AC) input waveform is ampli- 
tude-modulated to stabilize the arc with a swept AC 
periodic wave (such as a sine wave, sawtooth wave, 
square wave, eta, or a combination thereof). The swept 
wave can be generally swept from about 20 kHz to 60 
kHz. with a preferable band sweep of from approach 
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irately 40 kHz to 50 kHz. The sweep can ateo be pat- 
terned (such as allowing the sweep to have stepped 
rises and tells within the sweep cycle). The sweep may 
also contain rraitipJe-frequency sweeps that are bun- 
ded together to modulate the carrier wave. These mod- 
ulation forms are used to center, constrict and stabilize 
the arc. tn addition to this stabilization, the lamp input 
waveform is pulsed to control and regulate the color 
characteristics of the lamp. 
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Description 

TECHNICAL FIELD 

The present Invention pertains to discharge tamps 
and. more particularly, to methods of stabilizing and 
controlling the characteristics of discharge lamps, by 
anp&tude^riodidating the input alternating current (AC) 
power wave with a periodic waveform and/or a pulse 
wave to control both arc stabifization and color charac- 
teristics. 

BACKGROUND ART 

Discharge lamps have been operated in pulsed 
mode; as illustrated in United States Patent No. 
4,904,903 (issued to Pachotok on February 27, 1990, 
and entitled "Ballast for High Intensity Discharge 
Lamps"). This patent teaches methods of operating flu- 
orescent mercury vapor, sodium and metal halide (MM) 
lamps, so that the input is electronically, periaficaily 
gated for a portion of the wave period. This pulsed oper- 
ation is effective in eliminating undesirable electromag- 
netic and radio interference emissions. 

Color control of high-intensity discharge (HID) 
lamps by pulsing techniques is also well known in the 
art as shown by United States Patent Nos. 4,137,484; 
4,839.565: and 4,963,796. Japanese Patent Na 
4321 53 teaches the use of exterior temperature regula- 
tion to control the color of its cBscharge lamp. Other 
color-controlling methods include interior temperature 
regulating techniques and varying the salts within the 
discharge tube. 

One of the major problems in the operation of dis- 
charge lamps is the deformation of the arc wffitin the 
discharge tube by corrective gas flow. Techniques for 
stabilizing and centering this arc have been developed. 
United States Patent Na 5.134,345 (issued to & 
Hamamsy et al on July 28, 1992, and entitled "Feed- 
back System for Stabilizing the Arc Discharge of a High 
Intensity Discharge Lamp"), illustrates a method of 
avoiding acoustic frequencies that cause destabilizing 
phenomena The method of this patent teaches the 
detection of arc instabilities, and changing the drive fre- 
quencies that cause them. 

In United States Patent No. 5,306,987 (issued to 
Dafon et ai on AprS 26, 1994, and entitled "Acoustic 
Resonance Arc Stabilization Arrangement in a Dis- 
charge Lamp"), an arc stabSization technique is illus- 
trated in which the frequency of tie drive signal is 
modulated. A similar method of controlling the arc In dis- 
charge lamps is ilustrated in United States Patent Na 
5.198,727 (issued to Allen et al on March 30. 1993, and 
entitled 'Acoustic Resonance Operation of Xenon- 
Metal Halide Lamps on Unkfirectkmal Current"). With 
this method, the arc is centered by the "acoustic pertur- 
bations* induced by the frequency of the drive signals 
The acoustic perturbations compel the gas or vapor 
movement patterns to counter the gravity-induced con- 



vection. 

The present inventors have developed new meth- 
ods of controlling arc destatafization m H ID lamps; these 
techniques can additionally be added to a method that 

5 changes the color characteristics of the lamps. The new 
cxjior-cfianging technique pulses the power input to the 
lamp; its arc is then stabilized by amplitude-modulating 
the carrier wave with a periocfic waveform. In other 
words, the color-control pulsing is combined with an 

to acoustic centering, constricting and stabilizing of toe 
arc. 

DISCLOSURE OF THE INVENTION 

15 tt is, therefore, an object of this invention to obviate 
the disadvantages of the prior art 

It is another object of the invention to enhance the 
operation of arc discharge lamps. 

These objects are accomplished, in accordance 

20 with one aspect of the present invention, by the provi- 
sion of methods of operating a discharge lampbyampfi- 
tude- modulating and pulsing the lamp input power 
waveform. The techniques control both the arc stabSiza- 
tion and color characteristics of the lamp respectively. 

zs The alternating current (AC) input waveform is ampli- 
tude-modulated to stabilize the arc with a swept AC 
periodic wave (such as a sine wave, sawtooth wave, 
square wave. etc.. or a combination thereof). The swept 
wave can be generaly swept from about 20 kHz to 60 

30 kHz, with a preferable band sweep of from approxi- 
mately 40 kHz to 50 kHz. The sweep can also be pat- 
terned, such as allowing the sweep to have stepped 
rises and falls within the sweep cycle. The sweep may 
also contain multiple-frequency sweeps that are bun- 

3$ died together to modulate the earner wave. These mod- 
ulation forms are used to center, constrict and stabilize 
the arc. In addition to this stabifization, the tamp input 
waveform is pulsed to control and regulate the color 
characteristics of the lamp 

40 Atypical discharge lamp that can use the inventive 
methodology can comprise a 100-watt metal hafide 
(MH) lamp. Pulse operation of the lamp is different from 
continuous power operation. During the simmer period 
between pulses, the lamp runs in an equilibrated, low- 

45 power state When the power pulse is suddenly applied, 
the time-dependent processes that are involved In 
reaching a new equilibrium condition for the high-power 
ooncfitfon are separated by their individual time con- 
stants An exanple of this is tie domination of the fast- 

50 reacting processes, which cause increased light output 
from mercury emission. In accordance with an aspect of 
the invention, me power in the pulse is increased while 
keeping the average power constant This causes the 
color temperature and color-rendering index (CRI) to 

55 increase at relatively constant intensity. When utilizing 
this pulsing technique, the arc in flie arc tube wBI nor- 
mafiy be forced against the arc tube wail Without the 
aforementioned stabSization, this results in damage to 
the wall, a shortened lamp-life and general deterioration 
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